Abstract-In 2002, two types of light traps were compared against sticky yellow cards for efficiency and selectivity in capturing adult swede midge Contarinia nasturtii (Kieffer) (Diptera: Cecidomyiidae). Incandescent light traps were more efficient at capturing swede midge than were sticky traps. Incandescent light traps were more selective than blacklight traps and required less time for processing of samples and identification of captured midges. Emergence (2003 and 2004) and pheromone (2004) traps were used to assess swede midge population dynamics. Captures from emergence traps indicate up to five overlapping emergence events for swede midge each year. Emergence traps captured swede midge earlier in the season than pheromone traps, but pheromone-trap captures continued later in the season than those in emergence traps. Pheromone traps are small and portable, easy to maintain, and capture significantly more swede midge than emergence traps. 
Introduction
The presence of the swede midge, Contarinia nasturtii (Kieffer) (Diptera: Cecidomyiidae), in Canada was first determined in 2000 (Hallett and Heal 2001) . The swede midge is considered to be a minor pest of Brassica L. spp. (Brassicaceae) in Europe (Hill 1987 (2002) has determined that the swede midge represents a moderate level of overall risk with a high potential for a negative economic impact in Canada. Where population levels are high, complete loss of marketable yield can occur.
The adult swede midge is a small lightbrown fly, 1-2 mm long, with very hairy wings (Barnes 1946) . Mature larvae are 3-4 mm long and lemon-yellow in colour. Host plants include Brassica spp. and allied cruciferous crops (Barnes 1946 ). Females will oviposit on tender young tissue on host plants of any developmental stage (i.e., from the seedling stage to flowering). Eggs are laid in groups on young leaves, near meristematic tissue, and in unopened flower buds (Readshaw 1961) . Larvae generally remain protected within the compact, central leaves of their host plants. Larval feeding on epidermal cells causes scarring, deformation of plant tissue, and death of meristematic tissue, leading to reductions in both yield and marketability of produce.
At the time that the swede midge was first determined to be present in Ontario, it was known from only a few isolated sites, and a retrospective examination of sticky yellow cards at two sites revealed only very low midge captures despite high levels of infestation (Hallett and Heal 2001) . Consequently, we were interested in developing more effective methods for capturing the swede midge and assessing its population dynamics in Ontario.
Materials and methods

Efficiency and selectivity of light traps and sticky yellow cards
Three trap types (incandescent light, black light, and sticky yellow card) were set out within rows in mixed cole crop fields at three sites (Table 1) in Ontario in late August and early September 2002 in a randomized complete block design, where blocks were replicates, with five replicates per site. The Markham (43°54′N, 79°2 2′W) and Hillsburgh (43°49′N, 80°10′W) sites were approximately 10 and 60 km west of the Stouffville (43°58′N, 79°16′W) site, respectively. CDC Miniature Light Traps and CDC Downdraft Blacklight Traps (model Nos. 512 and 912, respectively; John W. Hock Company, Gainesville, Florida, United States of America) were fitted by the supplier with either a CM47 6.3 V incandescent bulb or a 4 W fluorescent black-light phosphor with blue filtering glass (F4T/BLB; Sylvania Blacklight Blue, Osram Sylvania, Danvers, Massachusetts, United States of America). Light traps and double-sided sticky yellow cards were attached to wooden stakes 95 cm above the ground. Traps within a replicate were separated by 4.6 m and replicates by 24 m, except at Hillsburgh, where distances were 3.7 and 8.0 m, respectively, because of space constraints. Sticky yellow cards were left in fields for 1 week; light traps were set up in fields on the 4th night of the same week about 1 h before sunset and dismantled 15 h later. The effective trapping period was 11 h (sunset to sunrise) for light traps and 168 h for sticky traps. Maximum-minimum thermometers were placed at each site to record minimum temperatures during the light-trapping period.
All traps and (or) trap contents were examined in the laboratory. All arthropods captured were first separated by order. All members of Diptera were then sorted according to suborder, and all possible swede midge specimens ("swede midge-like" nematocerans) were isolated. All potential swede midge specimens were examined under the microscope to separate them from other individuals. Swede midge specimens were positively identified according to descriptions by Harris (1966) , and male genitalia were compared to figures therein.
Statistical analyses were performed using SAS ® (SAS Institute Inc. 2001). Trap efficiency was examined by subjecting swede midge capture data to square-root transformation followed by analysis of variance (ANOVA) using PROC GLM (SAS Institute Inc. 2001) , with the model statement capture = trap site replicate(site) trap × site. The assumptions of ANOVA were verified using PROC UNIVARIATE prior to analyses. Means separations were performed using Tukey's Studentized range (HSD) tests with α = 0.05.
Selectivity of incandescent and black-light traps was compared using ANOVA for captures of Diptera as a proportion of total arthropods captured, for captures of swede midge as a proportion of total nematocerans captured, and for captures of swede midge as a proportion of total swede midge-like individuals captured, following verification of the assumptions of ANOVA. Proportional data were subjected to arcsine square root transformations prior to ANOVA (Bowley 1999) , with the model statement capture = trap site replicate (site) trap × site. A single data point was removed from analyses of captures of swede midge as a proportion of total swede midge-like individuals because no individuals in this category were captured in one incandescent trap at Hillsburgh. As a result of a significant trap type by site effect, trap selectivity in terms of captures of swede midge as a proportion of total swede midge-like individuals was analysed separately for each site, with the model statement capture = trap replicate trap × replicate. Means separations were performed using Tukey's Studentized range (HSD) tests with α = 0.05. Untransformed means are presented unless otherwise indicated.
Comparison of pheromone and emergence traps
Emergence tent traps based on the Marshall raised emergence trap trap design (Marshall and Cui 2005) (Fig. 1) On 10 May 2003, 10 emergence traps at each field site were erected over bare soil (plot A) in an area known to have had a high incidence of swede midge in previous years. As there were no host plants in these plots, swede midge captures from plot A consisted exclusively of the overwintered population. The edges of all emergence traps were buried in the soil. Broccoli (Brassica oleracea var. italica L. 'Paragon') plants were transplanted into three sequentially planted plots, each having five rows of 30 plants, with 65 cm between-row spacing and 45 cm within-row spacing, on 5 June (plot B), 18 July (plot C), and 21 August (plot D). Owing to constraints on emergence-trap numbers, the emergence traps were relocated to new plots as the season progressed. When late-instar larvae were present on plants in plot B (24 June), emergence traps were moved into the plot and each covered two infested broccoli plants. On 30 August, when larvae on infested plants in plot C were mature, emergence traps were moved to plot C. Plants in plot D did not become infested, so no traps were established in that plot. Capture jars were replaced daily from 10 May to 10 October 2003, and contents were examined for swede midge.
On 28 April 2004, six emergence traps each at the Markham and Stouffville sites were placed over bare soil (plot A) in an area known to have had a high incidence of swede midge in previous years. Site design in 2004 was the same as in 2003, except that broccoli plants were planted in rows of 20 plants with 65 cm between-row spacing and 45 cm within-row spacing. Transplanting dates were 19 May (plot B), 30 June (plot C), 2 August (plot D) and 1 September (plot E). Four emergence traps, each erected over two swede midge-infested broccoli plants, were set up in plot B when late-instar larvae were found on plants (28 June). Because of constraints on emergence-trap numbers, the traps were relocated to new plots as the season progressed. On 28 July and 27 August, emergence traps were moved to plots C and D, respectively. Plot E did not become infested, so no traps were established in that plot. Capture jars were replaced 3 times a week until 20 October 2004 and contents were examined for swede midge.
A three-component pheromone lure consisting of a cotton-wick dispenser treated with a 1:2:0.02 blend of (2S, 9S)-diacetoxyundecane, (2S, 10S)-diacetoxyundecane, and (S)-2-acetoxyundecane (Hillbur et al. 2005 ) became available for experimentation in 2004 and allowed a comparison to be made between emergence and pheromone traps. The pheromone dispenser was suspended inside a brown waxed cardboard delta trap (22.5 cm × 11 cm sides, 22.5 cm × 9.5 cm base) (provided by Drs. R. Baur and S. Rauscher, Agroscope, Wadenswil, Switzerland), which was attached to a wooden stake at a height of 30 cm with a bulldog clip. A sticky white insert (15.5 cm × 9.0 cm) coated with Tangle-Trap ® insect trap coating (The Tanglefoot Company, Grand Rapids, Michigan, United States of America) was placed inside the base of the delta trap to capture insects entering the trap.
At each site, three pheromone traps were placed 45°to each other, 35 m from the center of the plot covered by emergence traps (to avoid trap interference) on 10 May 2004. Trap inserts were changed 3 times a week and each pheromone dispenser was replaced every 28 days with half of the dispensers being replaced every 2 weeks. Delta traps were replaced every 8 weeks. Trap inserts were returned to the University of Guelph and examined for the presence of swede midge.
Plots of cumulative trap captures were used to determine when emergence events peaked; with this method an abrupt increase in the steepness of the slope of the line indicates when a peak emergence event occurred. In late July and August, the timing of peak emergence events was determined by examining both daily and cumulative trap captures. (Bowley 1999) were not met. A comparison between emergence and pheromone traps was made for the total number of adult swede midge caught per trap over the entire season for each site. Only data from emergence traps that were in the field for the entire season (i.e., six per site) were used in these analyses. To determine if there were unequal variances between the two trapping types, a Kolmogorov-Smirnov test was utilized. As the variances of the two samples were not equal, a Welch's test was performed to determine if total swede midge captures per trap differed between emergence and pheromone traps.
Results
Efficiency and selectivity of light traps and sticky yellow cards
At each site, only a single adult swede midge was captured on any of the sticky yellow cards during the 7 day sticky-trapping period. Analysis of swede midge captures (model: F 11,33 = 3.38, P < 0.004, n = 45) revealed statistically significant differences for the main effects of trap type (F 2,33 = 6.67, P < 0.004), site (F 2,33 = 4.50, P < 0.02), and replicate (F 3,33 = 3.77, P < 0.02), but no significant trap type by site interaction was observed (F 4,33 = 0.89, P > 0.48). Incandescent light traps captured significantly more swede midge than sticky traps (Fig. 2) .
Analysis of Diptera captured as a proportion of total arthropods captured (model: F 8,21 = 5.18, P < 0.002, n = 30) revealed statistically significant differences for the main effects of trap type (F 1,21 = 20.53, P = 0.0002) and site (F 2,21 = 7.76, P = 0.003), but not for replicate (F 3,21 = 0.36, P > 0.78), nor for the trap type by site interaction (F 2,21 = 2.14, P > 0.14). Blacklight traps captured more Diptera as a proportion of total arthropods captured (mean ± SE = 0.723 ± 0.046) than did incandescent traps (0.495 ± 0.041) ( Table 2) .
Analysis of swede midge captures as a proportion of total Nematocera captured (model: F 8,21 = 5.25, P < 0.002, n = 30) revealed statistically significant differences for the main effects of trap type (F 1,21 = 12.93, P < 0.002), site (F 2,21 = 7.86, P < 0.003), and replicate (F 3,21 = 3.42, P < 0.04), but not for the trap type by site interaction (F 2,21 = 1.54, P > 0.20). Incandescent traps captured more swede midge as a proportion of total nematocerans (0.111 ± 0.037) than did black-light traps (0.017 ± 0.007). Analysis of swede midge captures as a proportion of swede midge-like specimens captured (model: F 8,20 = 4.98, P < 0.002, n = 29) revealed statistically significant differences for the main effects of trap type (F 1,20 = 7.62, P < 0.015) and site (F 2,20 = 9.36, P < 0.002) and for the trap type by site interaction (F 2,20 = 5.38, P < 0.015), but not for replicate (F 3,20 = 0.91, P > 0.45). Further analyses for each site separately revealed significant differences in trap type at Hillsburgh (model: F 3,5 = 10.96, P < 0.015, n = 9) but not at Stouffville (model: F 3,6 = 1.43, P > 0.30, n = 10) or Markham (model: F 3,6 = 1.48, P > 0.30, n = 10), where there were no significant main or interaction effects for trap type and replicate. At Hillsburgh, incandescent traps captured more swede midge as a proportion of total swede midge-like individuals than did black-light traps (F 1,5 = 24.06, P < 0.005). An as yet unidentified midge species, which can be distinguished from Contarinia spp. by the presence of onesegmented, separated, and freely articulating cerci on the abdomen (Gagné 1981) , made up most of the balance of captures of swede midgelike nematocerans.
Comparison of pheromone and emergence traps
At Markham and Stouffville the first swede midge captures in emergence traps occurred in late May to early June and the last captures in mid to late September (Table 3) . Swede midge captures began and ended earlier at Stouffville than at Markham. At both sites emergence traps captured swede midge earlier than did pheromone traps (Table 3) .
Captures in emergence traps maintained over bare soil (plot A) indicate that the overwintered generation of swede midge emerged in more than one peak (Figs. 3, 4a, 5a ). In 2003, the first emergence peak of overwintered swede midge occurred in late spring (mid to late June) and there was continuous, but low, emergence until mid-July (Fig. 3) . A second emergence peak of overwintered swede midge occurred in late summer (early to mid-August). In 2004, three distinct emergence peaks of overwintered swede midge were seen (early June, late June, and midJuly) and low captures continued through to late summer (mid-August) (Figs. 4a, 5a) .
Emergence-trap captures from Markham and Stouffville indicate that there were five peak emergence events for swede midge each year (Figs. 3-5) , occurring, on average, 16 days apart (Table 4) traps, though the 11 August peak was (Fig. 4b) . At Stouffville, captures in the pheromone traps were very high in 2004, and discrete population peaks could not be easily detected (Fig. 5b) . However, five peak emergence events (26 May, 11 June, 30 June, 19 July, 2 August) were observed with emergence traps. Emergence traps captured a total of 2847 and 1580 adult swede midge in 2003 and 2004, respectively. In 2004 a total of 13 997 adult males were captured in pheromone traps. At Markham the mean total count for emergence traps (90 ± 38.1) was significantly lower than for pheromone traps (1,012 ± 309.1) (Welch's test, F 1,2 = 26.5, P = 0.03). Similarly, at Stouffville the mean total count for emergence traps (117 ± 44.7) was significantly lower than for pheromone traps (3,653 ± 969.8) (Welch's test, F 1,2 = 39.85, P = 0.02).
Discussion
Swede midge captures by means of sticky yellow cards are low even at high population densities. Mean captures of 0.5-3 midges per week on sticky yellow cards are typical for sites with high swede midge populations (Hallett and Heal 2001; R.H. Hallett, unpublished data for 2001 R.H. Hallett, unpublished data for -2003 . CDC light traps with incandescent bulbs were more effective than sticky yellow cards at capturing swede midge, captures being nearly an order of magnitude higher. If differences in the number of effective trapping hours are taken into consideration, black-light and incandescent CDC traps were 100 times more effective than sticky traps.
Black-light traps captured a higher proportion of Diptera than did incandescent traps, but incandescent traps were more selective than black-light traps in capturing adult swede midge versus other types of nematocerans.
Incandescent-trap samples thus required less time for sorting prior to identification. In addition, the efficiency of sorting swede midge from swede midge-like nematocerans was increased at one site (Hillsburgh), where proportionally more swede midge than other swede midge-like nematocerans were captured in incandescent traps than black-light traps. However, this further advantage of incandescent over black-light traps was not observed at the other two sites, presumably because of local differences in nematoceran diversity and abundance. White lamps (390-770 nm) in CDC traps have been found to be more effective than lamps of other colours, including violet (390-430 nm), in capturing the chironomid Chironomus salinarius Kieffer (Ali et al. 1994) . However, ultraviolet lights are most attractive to house flies (Pickens and Thimijan 1986; Roberts et al. 1992) .
Total insect captures in CDC traps varied greatly among sites, likely because of factors arising from trapping on different days, as well as differences in location. Lower total insect captures at Stouffville than at Markham may be explained by lower insect flight activity due to lower minimum temperatures during the lighttrapping period and (or) to very bright moon conditions at Stouffville compared with Markham, where there was a small crescent moon that set early on the night of trapping (Table 3 ). The light intensity of the CDC traps relative to the night sky may also have been reduced during the gibbous moon, thus reducing their attraction to insects. Light-trap captures of mosquitoes (Janousek and Olson 1994) and arctiid and noctuid moths (Kiss et al. 1981; Vaishampayan and Verma 1983; Yela and Holyoak 1997) decrease with increasing fullness of the moon. However, moon phase did not significantly affect light-trap captures of a psychodid fly (Brinson et al. 1992 or a variety of beneficial insects (ladybeetles (Coleoptera: Coccinellidae), damsel bugs (Hemiptera: Nabidae), Ophion Fabricius sp.
(Hymenoptera: Ichneumonidae), Chrysopa Leach spp. (Neuroptera: Chrysopidae), Hemerobius L. spp. (Neuroptera: Hemerobiidae), and Narvesus carolinensis Stål) (Hemiptera: Reduviidae) (Nabli et al. 1999) . Despite low total insect numbers at Stouffville in 2002, swede midge captures were relatively high at Stouffville, whereas very few swede midge were captured at Markham Season-long monitoring with sticky yellow cards at both these sites (unpublished data) indicated that the experimental period at Stouffville partially coincided with a peak of swede midge emergence, whereas by early September swede midge emergence was very low. Thus, low captures of swede midge at Markham indicate a lack of adult swede midge, rather than poor trap efficiency, during the experimental period.
Light traps are more expensive and cumbersome to erect and maintain than sticky traps, but are much more effective at capturing swede midge. In addition, CDC traps capture specimens in mesh bags, resulting in higher quality specimens that can be mounted or preserved in ethanol, and causing fewer problems with identification than specimens captured in sticky traps do. Incandescent CDC traps are thus recommended over the other trap types for detecting swede midge if pheromone traps are unavailable. Two or three peaks in emergence of overwintered swede midge occurred in the populations studied (Figs. 3-5) . In Norway, adults of the overwintered generation of swede midge emerge from late May to mid-August (Rygg and Braekke 1980) . For some species, a multimodal adult-emergence pattern may be advantageous as a bet-hedging strategy at the population level, as reproductive individuals will emerge into the environment during several time periods, thus minimizing the risk that all individuals will emerge during times of poor environmental conditions or low host availability (Biron © et al. 1998). Multimodal emergence patterns have also been documented in the cabbage root fly, Delia radicum (L.) (Diptera: Anthomyiidae), which has a bimodal distribution of adult spring emergence, with the relative abundance of earlyand late-emerging phenotypes varying among sites (Finch and Collier 1983; Finch et al. 1986; Walgenbach et al. 1993; Turnock and Boivin 1997; Biron et al. 1998) . Knowledge of seasonal activities, including emergence patterns of a pest species, is required for better timing of control strategies (Bracken 1988) . Directing control efforts at the emerging overwintered swede midge population is recommended in order to minimize population growth and maintain subsequent generations below damaging levels (Taylor 1912; Rogerson 1963 ), but will be complicated by emergence of the overwintered population at several points in the season. In Europe, adult swede midge emerge in two to five, often overlapping, events per year (Taylor 1912; Dry 1915; Readshaw 1961 (Barnes 1946) . First captures of swede midge occurred slightly later in pheromone traps than in emergence traps. Captures at Stouffville were very high, so discrete emergence peaks could not easily be determined. At Markham, despite the 5 day lag before the first swede midge captures in May, seasonal trends in population peaks were similar for emergence and pheromone traps until early July. The additional peaks delimited by the pheromone traps are not likely to be emergence events. With overlapping generations, it is expected that as the season progresses the pheromone traps no longer reflect the discrete emergence events evident with emergence traps. Despite the lack of clarity late in the season in reflecting swede midge emergence, pheromone traps appear to be a reliable alternative to emergence traps as a population-monitoring tool.
Monitoring of the pest organism is a key component of any integrated pest management program (Pedigo 2002) . The choice of monitoring tools depends on how the resulting information will be used. If monitoring data will be utilized for timing control measures, the sampling tool must provide an accurate prediction of the target population, whereas for monitoring population growth, it must reflect the population dynamics of the target population (Hutchins 1994) . Emergence traps are better suited for monitoring population dynamics than are pheromone traps because emergence-trap captures clearly indicate when adult swede midge emergence events occur. Pheromone traps, which reflect flight activity of both newly emerged and older males, are better suited than emergence traps for obtaining rapid population estimates to be used in timing insecticide treatments. Pheromone traps capture more swede midge than emergence traps and are more selective in capturing insects, therefore little processing time is required to identify the flies captured in pheromone traps. Pheromone traps are small, portable, and easy to maintain; growers are able to till, fertilize, scuffle, and apply insecticide treatments in fields with pheromone traps in place without having to remove the traps from the field. While they are suitable for
